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INTRODUCTION 
Although the term cardiac arrest should be reserved 
£or ventricular asystole• in the past this condition has net 
been clear~ distinguished from ventricular £ibrillation. 
Wiggers (45), Wegria (44) • and more recently La.pe and Maison 
(27) have succeeded in converting ventrieular fibrillation to 
asystole by electrical countershock. The present study has 
been ee~cerned with the production o£ asystole by pharmacologic 
means. 
Clinically there have been numerous reports of cardiac 
arrest. Beeker (3) has recently collected a series of xe-
ports in which hypoxia appeared to be a dominant factor in 
producing a. clinical cardiae arrest during anesthesia. In 
his review the occurrence e£ cardiae arrest due to overdosage 
o£ inhalation agents was also empha.r:dzed. Procaine, and 
certain other local anesthetics, are depressant to the heart 
(10, 30) and have caused clinical cardiovascular insu:f'£ioiency 
in both the anesthetized and the unanesthetized state (5, 19, 
22, 30, 39) • The overenthusiastic use o£ procaine intra-
venously in the treatment o£ a variety of syndremes bas been 
complicated by the production of eardiova.seular collapse (19, 
41). In additi0n Reid (37) has implicated a vago-vagal re£lex 
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as a causative factor in some eases of cardiac arrest. There 
are, then, several clinical conditions encountered in which 
cardiae arrest may occur .. 
Although circulatory insUfficiency can be detected 
rapidly in the clinical sit1mtien, there is frequently con-
siderable delay in establishing the diagnosis of cardiac 
arrest. This probably accounts :for the rather low frequency · 
of rEisuscitation when asystole oecvs during surgery (28). 
The absence both of heart sounds and of the peripheral pulse~ 
as well as cessation of respiratien, have been the usual 
clinical observations suggesting cardiae arrest. In thoracic 
operations, where the possibility of cardiac eomplieatious 
has been highest, direct visualization of the heart has per-
mitted immediate and definitive diagnosis. 
Although less than thirty per cent of the reported 
clinical eases of cardiac arrest have been resuscitated, it 
seems probable that a. successful resuscitation is more likely 
to be reported than an unsuccessful attempt; hence the fre-
qu.ency of cardiae a.rres t may well be higher than the n-wnber 
of reports would indicateo Certainly its importance is 
sufficient to warrant experiments for evaluation of the 
efficacy of various resuscitative measures. 
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It is the purpose of this paper to report an experimental 
procedure for obtaini~ a reproducible and resuseitable cardiae 
arrest by pharmacologic means. ~his preparation makes possiele 
a study of various resuscitative measures. 
Cardiac arrest has been produced in dogs • ea. ts , anci 
rabbits with overdoses of a variety of inhalation anesthetics 
such as chloroform (Je, 12, 46, 17) t ether (12, 33, 29, 35, 
17), cyclopropane (17) and ethyl chloride (17). In addition, 
asphyxia, hemorrhage, and electrical shock have been implicated 
in producing arrest (23, 12, 33, 29, 23, 33). Resuscitation 
was also attempted in a number of these situations with variable 
degrees ef success (J6, 12, 40, 29, 23 • 33, 17). 
In some gf these experiments, the only criteria of 
cardiac arrest were either the disappearance of heart sounds 
or the absence of peripheral pulse (23, 12, 36), while in 
ethers direct visualization of the heart was employed (33, 29, 
46 1 35)" Absence of the heart sounds or of the peripheral 
pulse alone are inadequate criteria. Since the criteria in 
many of these earlier studies were not definitive it is 
probable that some of the hearts, at least, were still beating. 
Direct visualization of the heart with s~eous eleetro-
card.iogra.ms.atf~ clear criteria of cardiae arrest, and these 
were the essential diagnostic measures in the present work. 
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Pracaine , for ma.ny- years used solely as a local a.nes-
thetic;has recently found application in medicine for eon-
trolling cardiac irritability (30, 10). The two most recent 
advances in procaine therapy are: 1. intravenous adminis-
tration to abolish the cardiac arrhythmias which frequently 
occur during surgery (lG, 15), and 2. intravenous adminis-
tration to prevent the development of ventricular fibrillation (30)~ 
Experimental studies have shown that procaine toxicity 
varies with the rate of injection (22) and can also be in-
fluenced by the type of anesthetic -agents (21). In the un-
anesthetized state • procaine administered rapidly by vein 
causes cardiovascular and central nervous system dist~banees. 
while the same doses given slowly are deveid of these effe~ts 
(22). The use ef barbiturates te eembat preeaine everdosage 
is now well established (42, 26), and other anesthetic agents 
have also been fouad to alter the toxic manifestatiens. For 
example, with ether anesthesia in dogs, the fatal pr0eaine 
consentratien in the bleod by slow infusion was consistently 
lower than that in animals under thiopental anesthesia accord-
ing to Rul.pieu and Oole (24). In the same study, evidence 
suggestive that ether decreases the ability of the dog liver 
to hydrolyze proeaine while thiopental does not is presented. 
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Cattell (ll), using the pericardium as an oncometer 
ta measure heart size • demonstrated. that ether was capable 
o:f depressing the myocardium in intact eats, as indicated 
by an increase in heart volume. This effect was shown to be 
independent of blood pressure change~ :for ether caused a 
simultaneous reflex peripheral vasaconstriction. :Bennett (4), 
using a. heart lung preparation with a Henderson cardiometer 
to record cardiac volume, also demonstrated that ether was 
a myocardial depressant. Other authors have extended these 
studies (8 • 18, 6 '· 7). 
It seemed likely that ether and pre caine, both known 
myocardial depressants, might act tegether to :Produce 
cardiac arrest. Studies tmderta.ken on the basis of this 
reasoning have enabled us to produce a resuseitable cardiac 
arrest. 
1 
PROO.E.DURE 
AduJ.t male and female mongrel dogs, weighing between 
five and sixteen kilograms, were used~ Without premedication, 
ether anesthesia was induced by the open drop method; an 
endotracheal tuhe fitted with an inflatable cuff was intro-
duced to insure an air tight system and a good airway; and 
plane 2 anesthesia was maintained by means of a Wolff bottle. 
The femoral arterial blood pressure was recorded. through a 
mercury manometer on an electrical lcymograph. Prior to each 
injection of procaine hydrochloride*, and at the time of 
cardiac arrest • lead II electroca.rdiegrams were taken. The 
dogs were under ether anesthesia at least ten minutes prior 
to the first injection of procaine. 
All drugs were ad.miniatered. on a. weight basis. For 
procaine., solutions were prepared to give 4, 8 t 16 and. 32 
mgmo per kgm. in a censtant volume of 0 .4 ml. per kgm. The 
procaine was given by intravenous injection over a period of 
fifteen seconds into the cephalic or the femoral vein. 
* Pr0eaine hydrochloride was used throughout this study. 
Henceforth, the term procaine will be used to designate 
the hydrochloride salt. 
• 
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Starting with 4 mgm. per kgln. and doubling the procaine 
dose at ten minute intervals, a dese called the "arresting 
dese 11 wa.s finally reached. This dose lewered the apparent re-
corded blood pressure to ten to fifteen millimeters of mercury 
with no subsequent spontaneous recovery. Failure to observe 
movement of blood in the glass arterial cannula and cessation 
of the excursiens of the mercury manometer were taken as the 
beginning of a period of circulatory stasis which was allowed 
to persist for two to three minutes. During this time an in-
cision was made through the fourth left intercostal space 
affording an opportunity to observe directly the status of the 
:myocardi1lllll. Sinn:ll taneous elec trocardiogra.ms indica ted the 
quality ef electrical activity, if a:ny. The interval af 
stasis was terminated with the institution of resuscitative 
procedures. 
The cardiac arrests occurring within this twa to three 
minute period of circulatory stasis can be classified as followst 
I. hearts in wh;tch beth muscular and electrical activity 
were absent; 
II. hearts in which elee~rical activity persisted but 
museuJ.ar activity had ceased; 
III. hearts showing both muscular and electrical activity. 
Using Brodie 1s method (9) plasma J.')rocaine concentrations 
were determined in 20 dogs at 3 , 6, and 9 minutes after each 
procaine injection*. 
* The author wishes ta thank 0 .. W. White, Jr. who is respensible 
for the chemical determinations of procaine blood concentrations 
which are here included. 
EXPERIMENUL RESULTS 
In ~06 dogs under ether anesthesia, cardiac arrest was 
produced by- the rapid intravenous injection o:f prooaine. 
Resuscitation was s~cessful in 76 of 9~ eases where attempted, 
an average of 84 per cent~ 
Al~ doses of procaine caused a decrease in blood pressure. 
Injections that did not produce arrest were followed by- re-
turn to control levels in less than three minutes, while fol-
lowing the "arresting dosett the blood pressure fell to ~ess 
than fifteen millimeters of mercury and remained there until 
~esuscitatian was started. The magnitude and duration ef the 
blood pressure :fall, as indicated in. Table 1, was apparently 
directly related to the procaine dosage. 
Of 106 cases ef cardiac arrest, one heart was arrested 
following the administration' of 4 mgm. per kgm.; 27 arrested 
:following the 8 mgm. per kgm. dose; 58 arrested following the 
dose of 16 mgm. per kgm.; and 20 arrested following the 32 
mgm. per kgm. dose. 
Following injection of the arresting dose of procaine. 
respiration ceased after an average interval of 2.2 minutes, 
and circulatory stasis followed in an average of 2.2 minutes 
later. Cardiac arrest occurred. during the 2-3 minute interval 
of circulatory stasis, changes in the electrical and muscular 
activity of the heart being followed in the meantime. An iso-
electric electrocardiogram of not less than 15 seconds was taken 
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~able l. Ef:feet on arterial pressure of procaine doses not 
followed by cardiae arrest. 
•Procaine 
'mgm..per kgm. 
I 
1 Number e:f 1 Average time 1 Average 1 Dora. tion of • 
1hearts 1 to na.d:i.r of 1 deerease'decreased MAP 1 
1not fol- 1MA.P* in 'in MAP 1 in minutes 
'lowed by 'minutes •mm. Hg 
1arrest 
·-------------~---------~------------~-------~~-------------' 
8 
l6 
l0.5 
78 
14 
l.7 
2.6 
t 
~-------------~---------~------------~--------~-------------' 
* MAP = mean arterial blood pressure. 
s 
as cessation ef electrical activity. A similar period was -ased 
to determine the presence or absence of muscular activity of 
the heart by direct visualization~ 
.As indicated on page 2 these hearts at cardiac arrest 
fell inte three greups ~ 
Type I1 electrical and muscular activity were 
apparently absent in 53 hearts. 
Type II: 24 hearts displayed electrocardiographic 
complexes while simultaneous mechanical movements could not be 
detected. It was also a frequent observation that seemingly 
normal electrocardiographic complexes were detected at a time 
when the blood pressure was at an ineffective level. These twe 
observations indicate that the electrocardiogram alone was not 
a dependable criterion either of cardiac arrest or of the 
muscular efficiency of the heart in these experiments. 
Type III: both muscular and electrical activity persisted 
at a time when resuscitative measures were begun. Whenever 
muscul.ar activity persisted at this point, only minimal twitch-
in€ af a limited area af the m;yocardiUlll was seen. These small 
limited movements of the m;yoeardium appeared ineffective in 
circula.tilltg any 'blood, and a peried of circulatory stasis had 
lasted for 2-3 minutes. 
Under the circumstances of this ~xperiment, procaine 
accumulated oetTtreen injections as shown by the determinatiens of 
plasma procaine coneentratiens made between procaine injections 
(Table 3). 
Ventricular fibrillation was observed on three occasions 
follawing the injection of the 32 mgm. per kgm. dose of procaine. 
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T.able 2. The electrical and mascular activity of the canine heart at the time of experi-
mental eardiaa arrest by procaine administered intravenously daring ether anes-
thesia. 
ACTIVITY OF HEARTS AT CARDIAC ARREST ,:~ 
~~-----------------~-----------~--------~-----------------------L---------------------------1 
'Procaine I Number of 1 Number of I N'Wilber of I llumber· of I Number 
1arresti:ag 1 hearts 1 hearts I hearts with. 1 hearts I of 
1dose 1 with.Gut I with. eleo- I both mas- t devebpi:ag I hearts 
'mgm. per kgm. • electrical 1 trical but I cular* and. I ventrieular I studied 1 
I 1 or mu.s- 1 no :mas- I electrical I fibrillation 
I 1 cuJ.ar b ea. ts 1 cular beats l a eats 
'------------------~--------------~--------------l--------------~----------------1----------' 
4 I 0 l 1 I 0 I 0 I '1 
I I I 
8 I 20 I 2 I 5 I 0 I 27 
I I I I I 
16 I 28 I 16 I 14 I 0 I 58 
I• 
32 I 5 I 5 I 10 I 3 I 20 
'------------------l--------------l--------------1--------------!----------------1----------' 
1Avera.ge number of 1 
'electrical beats t 
'per minute where 
'present 
0 32 28( 
I 
10'\ 
'------------------~--------------~--------------~--------------~----------------~--------- I 
'TOTALS 53 24 29 
I 
'---~--------------!--------------1--------------1--------------~----------------l----------1 
* Where muscular activity could be deteoted, the rate was the same as that of eleotrical beats. 
e e 
Table 3. Procaine plasnua. concentrations after its intravenous administration in twenty <logs. 
•Dose of 
•Procaine 
TIME AFTER ADMINISTRATION 
MINUTES 
1Numl:ler 1 
'Studied' 
1
mgm.per ~-------------------------~---------------------------------------------------' 
' 
1 3 Minutes 1 6 Minutes 1 9 Min't!.ltes 1 
·-----------~--------------------------~-----------~-------------~------------------------~-------' 
.4 
8 
16 
32 
11.7 ± e.4* (mgm. per 1.)' 10 
t 
1 6.1 ± 1.9* (mgm. per 1.) 1 .5.9 ± 1.®* (mgm. per 1.) 1 
' 
1 1.5~0 ± 4.5* (mgm. per 1.) 
I 
116o7 ± 1.6* (mgm. per 1.) 1 
8 
9 
3 
I 
"-----------~--------------------------L-------------------------~------------------------~-------1 
* Mean eoneentration and standard deviation. 
"""' 
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DISCUSSION 
:Because of the increasing number of clinical reports 
ef cardiovascular eollapse during surgery, a great deal of 
interest in this problem has developed. P.rompt diagnosis 
and immediate employment of resuscitative measures have 
probably accounted for the increased number of successful 
resuscitations reported. The absence of heart sounds er 
peripheral pulse, or both, have most frequently- been used as 
the criteria of cardiac arrest in these clinical eases. fhe 
present study has afforded a reproducible and resuseitable 
experimental cardiae arrest based on conclusive observations, 
to wit, visual.ization of the heart with confirmation by the 
electrocardiogram. This preparation sho1l.ld prove useful in 
evaluating resuscitative procedures. 
Cardiac arrest had been produced previously in dogs, 
eats, and rabbits by a variety of means,· including excess 
of inha.lation anesthetics, hemorrhage, electric- shook-and 
asphyxia (36 , 12, 33 , 46, 17, 29) • A.ttei:npts had also been 
made to evaluate various resuscitative procedures. 
In these earlier studies various criteria were 
employed to establish the onset of all~ed arrest. P.ru.s .(36) 
for example, used the moment at which the heart ceased to 
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affect the mercury manometer as the criterion of cardiac 
arrest. In other studies and in the clinic, the absence of 
heart sounds or :peripheral pulse or beth, have been accepted 
as diagnostic of cardiac arrest (J6~ 12, 17). These signs 
are only presumptive evidence, for as we have pointed out, 
myocardial contractions may continue in the absence of heart 
seun.ds or measurable arterial pressure. In our axperiments , 
it was a consistent observation that the heart did not stop 
beating until two to three minutes after it had ceased to 
affect a mercury manometer. 
Injections of procaine not followed by cardiac arrest 
produced decreases in blood pressure, the magnitude and 
duration of which appeared dir eetly rela. ted to the procaine 
dose. This finding is in agreement with the results ef 
Hatcher and Eggleston (22). In their series, slaw intra-
venous injections of procaine produced no cardiovascular or 
central nervous system disturbances, while rapid injectbns 
produced hypotensien as in our experiments. 
Hul.:pieu and Cole (24) Believe that ether decreases the 
ability of the liver to ~drolyze procaine; their conclusion 
is based largely on experiments with liver hemogena.tes in 
which the recoveries of :procaine and its hydrolytic product, 
para-aminobenzoic acid were not complementary. They also 
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showed that on infusion of procaine dogs succumbed to a 
smaller dosage when under ether than when under thiopental 
anesthesia. Nevertheless, the concentrations of procaine 
found at death were still roughly proportional to the dose 
administered. This suggests that ether anesthesia decreases 
the fatal dose of procaine by some means other than by 
interference with its hydrolysis. In this laboratory~ 
current work shows that the amount of procaine required to 
produce eardiac arrest with pentobarbital is consistently 
higher than with ether anesthesia (47). These observations 
suggest that there is some synergism between ether and 
procaine in their action on the heart. 
Du.nl.op (14) has demonstrated that unanesthetized 
dogs required about ene heur to elimilla.te procaine completely 
from the blood when intravenous injections of 15-20 mgm. per 
kgm. were given ·in one minute. In our experiments, 11Sing 
ebher as an anesthetic, the doses of procaine given at ten 
minute intervals are cumulative as judged by the concen-
tration of the drug in the plasma.. Since procaine is 
accumulating, oar<iliac arrest cannot be atttibuted solely to 
the last dose administered. 
ll 
The ability @f procaine to depress the ~ecardium is 
well known (30, 10). Ether, too, has a direct depressant 
action on the heart (ll, 8, 4). This a~tion is not ordinarily 
apparent, for duri.Dg ether anesthesia there is an increase 
both in cardiac eutput (?) and heart rate, which is caused by 
stimulatien of the sympathoadrena.l axis (18 • 6, ~). In the 
absence of this compensatory buffering action ef the sympatho-
adrenal system, ether has been shown to cause a :marked de-
pression of the ~oeardium (6, 4, 8). Thus, in the hea.rt-lu:ng. 
preparation (4, 6), or following blockade at the ganglia in 
an intact animal (8, 6, 11) ,low bl0od ether levels cause a 
picture resembling heart failure. 
The mechanism whereby ether and procaine act in the 
productbn of cardiae arrest is _not yet known. It appears to 
be more than an assumption tba t the large doses of procaine 
used have a potent depressant .action on the heart. It has 
alse been mentioned that if the sympa.th.oadrenal system were 
interrupted, ether would in like :manner act to depress the 
myocardium. With the accumulation of procaine obtained in 
our experiments, it is possible that a partial interruption 
of the sympathetic outflow, at least, was effected, pe:rha.ps 
by blockade at the ganglia. Procaine, in. fact, has previously 
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been shown to raise the tra.nsmissbn threshold at sympathetic 
ganglia (21). Since the ecmcentr.a.tions of procaine used ma.y 
well interrupt ganglionic transmission, a. meeha.nism of the 
synergism of ether and procaine in producing caxdiac arrest 
is suggested. 
Since respiratory arrest occurred 2~2 ± 1 minutes 
after the arresting injection ef procaine, a.nd 2.2 ± 1 minutes 
before the blood pressure reached an ineffective level, it 
may also be tha. t hypoxia played some role in producing cardiac 
arrest. lr;v:poxia bas previously been shown to cause an 
initial increase in cardiac outpu.t with a s-cibsequent cardiac 
depression as it becomes more severe. In our experiments. 
it was frequently observed that respiratory arrest was closely 
followed by a slight transitory increase in blood pressure 
that was followed by a profound fall in blood pressure and 
cardiac arrEUit. %Poxia., as well a.s ether and procaine, ma.y 
then contribute to the production of this experimental 
cardiac arrest. 
In 24- of ioE> eases in our series, although the 
electrocardiogram showed electrical activity-, no ma.scular 
activity eould be detected by direct observation at the time 
of arrest. It is impertant to note then, that use of the 
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electrocardiogram alone as the criterion of cardiac arrest 
is insufficient, for the heart may display p.reminent elec-
trical activity in the absence of apparent muscular eon-
traction. Prior to cardiae arrest, but at a time when the 
blood pressure was very low, the electrocardiogram frequently 
displayed almost normal complexes, despite the obvious 
inability of the heart te maintain a.n adequa.te blood. pressure. 
The clinical view that the electrocardiogram is a suitable 
index of the mechanical efficiency of the heart should, 
therefore, be re~examined. 
Whenever muscular activity persisted prior to in-
itiating resuscitative procedures, only minimal twitches of 
a limited area. of the myoea.rdi1.llli could be detected. ~ese 
twitches were evidently incapable af circulating aJ.lY blood 
from the heart t since circulatory stasis had persisted for 
2-3 minutes. It .bas been shown that the presence ar 
absence of these minimal twitches of the myocardium did not 
alter the resuscitability of these arrested hearts (,38). 
CONCLUSIONS 
1., Under ether anesthesia, the canine heart can be 
arrested by the rapid intravenous injection of procaine 
}lydrechloride. 
2. The absence of heart sounds ar of peripheral 
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pulse or both, or failure ef pulsation in the mercury manometer 
are only presumptive evidence of earaiac arrest, for this 
study has shown the heart may still be beating when these 
indications ef cardiac inadequacy are well established. 
J~ The electrocardiogram is not a reliable index 
of the myocardial activity in cardiovascular collapse pro-
.duced by ether and procaine. 
4. The reports af the hypotensive action of procaine, 
and of its ability to predu.ce respiratory arrest, have been 
eenfirmed. 
5. A methed for obtaining, by pharmacological means, 
a repreducible, resuscitable cardiae arrest which permits 
an evaluation 0f various resuscitative measu.res has been 
descriBed. 
SUMMARY 
.An experimental cardiae arrest has been produced in 
106 dogs 'tlllder ether anesthesia by the rapid intravenous. 
injection of procaine hydrochloride. All injections of 
procaine produced a decrease in blood pressure , but the 
11arrestingn injection produced a faJ.l in blood pressure that 
was sustained. 
Injections of procaine prior to the "arresting dose 11 
produced decreases in blood pressure, the magnitude and 
duration of which appeared directly related to the amount 
of drug administered. Blood procaine concentrations were 
determined after the various injections of procaine in 20 
dogs. It was found that a procaine plasma concentration 
was maintained between inJections. It cannot be said, 
therefore, that the dose of procaine which preeeeded 
cardiac arrest was the total arresting dose. 
Respiratory arrest occurred 2.2 ± l minutes after 
the in.jeetici>n of the arresting dose of procaine, while the 
blood pressure drepped to an ineffective level 2 .• 2 ± l 
minutes later. Following this 2-.3 minute period of circu-
latory stasis resuscitative procedures were begun. 
·e 
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]Uring the 2-3 mittnte period of circulatory stasis, 
the heart was exposed by an incision through the fourth 
intercostal sptce. Direct visualization af the heart and the 
use of the electrocardiogram were the methods used to 
ascertain its Ill1lSCular and electrical activity.. The cardiae 
status at arrest was classified as follows: 
I. hearts in which muscular and electrical activity 
were absent, 53 (50 per·oent); 
II.. hearts in which electrical activity persisted but 
muscular activity bad ceased, 24 (22.6 per cent); 
III. hearts showing both muscular and electrical 
activity, 29 (27.4 per cent). 
The muscular activity of the m;rocardilllD. that per-
sisted in 29 cases at cardiac arrest was a minimal t~hing 
of a small area ef the myocardium. Here, as in the cases of 
complete cardiac arrest, there was circulatory stasis neverthe-
less, a.s evidenced by the cessation of the manomet.er e:x:cursiGn, 
by the absence of a detectable blood pressure and pulse, and 
by the quiescence of the blood in an arterial cannula.. 
Whether these small muscular movements persisted or not, 
spontaneous recovery was never seen. 
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In 24 eal'iJeS the electrical activity of the heart 
persisted while muscular activity could not be detected. It 
was also noted that seemingly normal electrocardbgra.ms were 
often recorded when the bleed pressure had fallen to an in-
effective level. These observations would indicate that 
the electrocardiogram, in the laboratory, or in the elinie, 
should not be used as a. sole indicator 0f the mu.seuJ.ar 
efficiency of the heart. 
Resuscitation of this preparation was successful in 
?4 of 9.3 attempts, an average ef 80 per cent. 
viii 
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